Abstract. Analysis techniques in LHCf are presented, in which all techniques are required to have a high resolution and efficiency in order to overcome the severe situation, small lateral aperture and longitudinally short length of the detector. In this paper, methods for reconstructing an energy of electromagnetic shower are discussed following the data flow of measured data and Monte Carlo simulations.
INTRODUCTION
The LHCf detector, here the Arm1 detector is assumed unless otherwise noted, consists of the 16 layers of plastic scintillators and the 4 layers of position sensitive detectors made by the bundle of scintillation fibers (Scifi). The LHCf calorimeter mainly aims to determine a shower energy and provides an information used in the particle identification. On the other hand, Scifi measures an energy deposit along a lateral direction and reconstructs the incidence position of entering neutral particles. Details are described in the other documents [1, 2] .
In order to avoid any analysis bias, same reconstruction processes are applied both to the experimental data and Monte Carlo (MC) simulations. Schematic flow chart of the event reconstruction is drawn in Fig.1 . First, gain correction is adapted to the raw data where ADC count is converted to the energy deposit in units of MIP [2] . After the gain correction, an event category whether one particle hits on a tower (single-hit) or multiple hit exits (multi-hit) is identified, although all events are treated as a single-hit event in the physics results shown in this workshop. After correcting the shower leakage-in and leakage-out, shower energy is reconstructed using the energy deposit. Finally gammalike (electromagnetic shower) and hadron-like (hadronic shower) are classified in the particle identification process.
MULTI-HIT SELECTION
As noted later, an energy reconstruction relies on the sum of the visible-energy-deposits on each scintillator layer. Hence, in the case of multiple hits on one tower, the energy of each entering particle cannot be reconstructed individually, and then such misreconstruction possibly causes the incorrect energy spectrum. Therefore the multi-hit selection is crucial in the data analysis in LHCf. The multi-hit selection is based on the peakfinding algorithm originally developed for the spectrum analysis using NaI scintillation detectors [3] . An impor- tance of this process is to select only single-hit events efficiently. Selection criteria are determined as follows in advance by checking efficiency and purity among various hadronic interaction models.
• Roughly reconstructed energy is larger than 80GeV, and events below this threshold are regarded as a single-hit.
• A lateral information used in the multi-hit selection is selected based on the amount of energy deposits in Scifi. For example, in order to select gamma-like events, sum of the MIPs detected in the 1st and 2nd layers of Scifi should be larger than that of the 3rd and 4th layers.
• Distance between each peak candidate is larger than 1mm, in which 1mm is same as the width of Scifi channel.
• 2nd peak has at least 5% of the energy deposit of the 1st peak, then peak candidate with a smaller energy deposit than 5% is neglected.
As a result of the estimation with the MC simulations, single-hit events can be collected with the efficiency larger than 97% and its energy dependence is less than 3%. Also the efficiency has no significant dependence on the PID criteria. 
RECONSTRUCTION OF SHOWER POSITION
Determination of the incidence position of entering particles on the detector is one of the most important reconstruction processes for two reasons:
• Because of the small size of calorimeter, a part of particle shower is unavoidably leaked out from the calorimeter. Shower leakage can be compensated to add the corresponding energy deposit which can vary as a function of incidence position.
• π 0 invariant mass can be reconstructed by the energy on each tower and opening angle. Opening angle is geometrically determined in terms of the incidence positions on each tower and the distance between the decay point of π 0 and the detector. Fig.3 shows the energy deposit on Scifi by 1TeV gamma ray. Energy deposit along the lateral direction is fitted by Eq.(1) [5] , and the fitted variable b is the reconstructed incidence position. 
SHOWER LEAKAGE CORRECTION
A part of shower developed in the detector is unavoidably leaked out from the calorimeter because of its small lateral size (in the case of tungsten, the Moliere radius is about 9mm). The fraction of leakage can be geometrically estimated by the MC simulation for each incidence position. Figs.4 (Left) shows the fraction of leakage out normalized to unity. Events with the particles hitting on the outer 2mm from the calorimeter edge are not used in the analysis because of the difficulty to compensate the large amount of shower leakage. Another aspect of the shower leakage is that leaked to the other side of tower (i.e. leakage-in) which has the impact in the reconstruction of π 0 mass, in which the sensitivity and resolution rely on the precise reconstruction of the energy of the pair of gamma ray. Figs.4 (Right) shows the fraction of leakage into the small tower from the large tower.
In the LHCf gamma-ray analysis, these leakage effects are corrected by inversely applying the leakage response function as follow. First, relation between true and observed energy can be described in terms of response matrix M leakage , 
Eq. (3) is applied iteratively as returning the corrected energy in the left hand to the observed energy in the right hand.
ENERGY RECONSTRUCTION
Shower energy is reconstructed using the visible-energydeposit on the calorimeter. Thanks to the sufficiently dense absorber made by tungsten (totally 44r.l.), the longitudinal development of electromagnetic shower can be perfectly detected, while that of hadronic shower can be partially leaked out from the last layer of the scintillators. Sum of the energy deposits (called as SumdE) in units of MIP is defined as (4) where index i denotes the i-th scintillator. Coefficient 2 in the second term corresponds to the twice longer tungsten-absorber (4r.l. for each layer) layers than that in the former layers (2r.l. for each layer). The energy deposit in the 1st layer is disregarded in the energy reconstruction since this layer is highly influenced by the background events induced by collisions between beam and residual gas.
Conversion constants from SumdE to reconstructed energy are determined by the MC simulation from the energy threshold up to 3.5TeV. Although this approach obviously relies on the precision of the MC simulation, the validity of the conversion is confirmed by the beam test at the SPS in CERN within 3.5% [2] .
Note that the energy reconstruction must be carried out in prior to the particle identification (PID) because the classification criteria of PID will be optimized as a function of energy.
PARTICLE IDENTIFICATION
Particle identification (PID) is one of the important processes executed in the data analysis, especially both purity and efficiency must be addressed. If only keeping higher purity is focused, the efficiency may fall down because of the severe cut and vice versa.
Among many proposed approaches, the L 90% method is employed in the current data analysis. This method is based on the shower development along the longitudinal direction, where an electromagnetic shower may develop faster than a hadronic shower.
L 90% is defined as the shower depth in units of r.l. where an integral of energy deposits in the calorimeter from 0r.l. to L 90% achieves 90% of the total energy deposit as described in Eq.(5).
By checking of the purity and efficiency, the boundary to separate two components is set as 20r.l. as default. 
CONCLUSIONS
Analysis techniques employed in LHCf are reviewed. They have been worked well in the analysis. As for the future prospects, the treatment of multi-hit events and PID method will be improved to obtain a higher resolution.
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